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Abstract 
 
The aim of conducted research was to find universal steel that may serve to regenerate machine elements by MULTIPLEX method – or 
cladding of alloy steel and then subjecting to thermo-chemical treatment. This paper presents the results of metallographic examination, 
hardness distribution and selected tribological properties of vacuum carburized, sulphonitrided and vacuum nitrided layers obtained on 
15HN steel. The results demonstrate that on 15HN steel (carburizing steel), nitrided and sulphonitrided layers show good durability and 
tribological properties. Therefore, it is possible to use it to regenerate machine elements by cladding method and then treat them by 
different thermo-chemical ways in order to obtain desired properties.  
 
Keywords: Thermo-Chemical treatment, Friction, Wear, Regeneration 
 
 
1. Introduction 
 
Restoring the appropriate structural and functional features to 
damaged and used parts brought the necessity of use of 
regeneration techniques. One of the most frequently used ones are 
welding techniques, while surfacing by welding for rebuilding of 
fast used parts is the source of big material savings. Welding 
methods allow obtaining layers with any thickness and 
composition on parts with diverse dimensions and shapes. 
Surfacing by welding is used not only for regenerating the 
used parts dimensions but also as a method of developing surface 
layer properties e.g. as a result of hard surfacing planned during 
technological process, which allows production of padding welds 
with required chemical composition, strength and hardness [1-4].  
Further improvement of surface layer properties can be 
achieved by subjecting the padding weld to surface heat and/or 
thermo-chemical treatments [5,6]. Padding welds subjected to 
thermo-chemical treatments are called multiplex layers while the 
whole process is called multiplex technology. For surfacing by 
welding different steel grades can be used, from low-alloy 
structural steels to high-alloy ones e.g. HS steel. The results of 
structure characteristics as well as operation tests proved excellent 
functional properties of the obtained layers [7-9].  
 
2. Material and research methodology  
 
Cylindrical samples of 15HN steel with diameter 25.6 mm 
and 5 mm thick were used for investigation. The samples were 
prepared from 30 mm in diameter bars with bainitic structure 
(Fig. 1a) and hardness ca. 360 HV. The reason for using the 
samples with such structure was rather high hardenability of this 
steel which assures similar structure of padding weld after 
surfacing by welding. 
Samples were divided into 4 groups including reference one. The 
rest were consisting samples after the following treatments: 
-  vacuum carburizing, 
-  vacuum nitriding, 
-  gas sulphonitriding. 
All groups of samples were subjected to: 
-  metallographic investigation of layers using scanning 
electron microscope HITACHI S-3000N (lateral micro-
sections), 
-  micro-hardness distributions of layers with use of 
micro-hardness tester Clemex under load of 1 N, 
-  wear  analysis using pin-on-disk apparatus Tribotester 
T11 (dead-load 10 N, sliding distance 5000 m), 
-  linear wear analysis based on profiles (wear depth) from 
profilometer ME-10 Carl Zeiss Jena.  
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3. Obtained results 
 
3.1. General remarks 
 
Results of metallographic analysis of layers and reference 
sample are shown on Figures 1-4. 
 
 
Fig.1. Microstructure of reference sample 
 
 
Fig.2. Microstructure of carburized sample 
 
 
Fig.3.  Microstructure of nitrided sample 
 
 
Fig.4. Microstructure of sulphonitrided sample 
 
Micro-hardness distributions in layers are presented on Figures 5-7. 
 
 
Fig.5. Hardness distribution on the cross-section of the carburized layer 
 
 
 
 
 
Fig.6. Hardness distribution on the cross-section of the nitrided layer 
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Fig.7. Hardness distribution on the cross-section of the 
sulphonitrided layer 
 
After wear tests the worn surfaces images were valuated with 
use of SEM (Figures 8-11). Also linear wear calculation for 
selected samples was performed (Table 1). 
 
 
 
 
Fig.8. Microscopic images of the wear of reference sample 
 
 
 
 
 
 
 
 
Fig.9. Microscopic image of the wear of carburized sample 
 
Fig.10. Microscopic images of the wear of nitrided sample 
 
 
Fig.11. Microscopic image of the wear of sulphonitrided sample  
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Table 1 
Linear wear of the examined samples 
 
Sample type 
reference  carburized  nitrided  sulphonitrided 
Linear wear [µm]  12  4  5  7 
 
3.2. Discussion 
 
As a result of conducted thermo-chemical treatments on the 
selected steel, the hardened surface layers typical for these 
processes were achieved. The biggest hardening present samples 
after vacuum carburizing (950 HV), then vacuum nitriding ones 
(920 HV) and the smallest after sulphonitriding (850 HV). 
Smaller hardness values in case of nitriding and sulphonitriding 
can be justified by the steel grade which is carburizing one. 
Therefore it cannot be expected to obtain hardness after nitriding 
similar to the hardness on nitriding steels. However it is worth to 
notice significant increase (of about 500 HV) of surface hardness 
of samples after nitriding and sulphonitriding comparing to the 
core. All of the treated samples present significantly higher 
hardness than reference one. Observed structures are typical for 
performed thermo-chemical treatments. After carburizing and 
quenching the layer consists of martensite structure while bainitic 
one in the core (Fig. 2). Layers after nitriding and sulphonitriding 
consist of hardened diffusion zone and compounds zone on the 
surface (Figs. 3 and 4) whereas in sulphonitrided sample the 
sulphides are presented on the compounds zone surface. 
The wear analysis showed that thermo-chemical treatments 
decreased linear wear compared to reference sample that is 
increased the wear resistance. The smallest linear wear was shown 
for carburized and nitrided  sample  (4  and  5  μm  respectively) 
while for sulphonitrided sample the linear wear equalled 7 μm. 
Comparing to reference sample the two- or threefold increase of 
wear resistance is observed. High value in case of sulphonitrided 
sample can be explained as a result of wear of soft surface layer 
including iron sulphides only. Therefore, recorded wear is mainly 
the effect of running-in of sample, what is confirmed by the SEM 
image of the sample surface after wear test (Fig. 11). 
The SEM observations of worn surfaces showed significant 
differences of treated samples compared to reference one. 
Reference sample presents relatively deep scratches compatible 
with the sliding direction of friction couple and material lapping 
as a result of plastic deformations of surface layer during friction 
test (Fig. 8). Additionally, in some places material extractions 
resulted from adhesive joints can be observed. Definitely different 
wear character is visible on the thermo-chemically treated 
samples. Only surface planishing (Figs. 9-11), with no scratches, 
extractions and material lapping can be seen. In some places even 
the untouched surface can be found, which leads to conclusion 
that no running-in time was exceeded for specified test conditions. 
Therefore, it can be found that thermo-chemical treatments 
have positive influence on decrease of wear for investigated 
samples. 
 
4. Conclusions 
 
15HN steel despite being carburizing one, can be used for 
nitriding and sulphonitriding, and the layers obtained by those 
processes show significant increase of hardness. 
After thermo-chemical treatments a significant increase of 
wear resistance occurred. 
Based on the preliminary investigation it can be concluded 
that 15HN might be a universal steel for multiplex technology 
applications. 
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